Background: Analysis of circulating nucleic acids in plasma, such as cell free RNA offers an avenue for non invasive monitoring of a variety of physiological and pathological conditions. Aims: Because albumin is the most abundant protein in the body and is synthesized by the liver, the current study was designed to assess plasma albumin mRNA (ALB mRNA), as a non invasive diagnostic marker of liver injury in chronic HCV (CHC) and hepatocellular carcinoma (HCC).
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Introduction
The clinical course of untreated hepatitis C virus (HCV) infection is highly variable with the majority of patients experiencing a slow fluctuating disease that may take 20 years or more for full expression. Approximately half of HCV patients develop chronic active hepatitis and this may progress to liver cirrhosis and hepatocellular carcinoma (HCC) [1] .
Hepatic fibrosis is the accumulation of extracellular matrix, or scar, in response to acute or chronic liver injury. Fibrogenesis represents a wound healing response to injury, and ultimately leads to cirrhosis. Both fibrosis and cirrhosis are the consequences of a sustained wound-healing response to chronic liver injury from a range of causes, including viral, autoimmune, drug induced, cholestatic and metabolic diseases [2, 3] .
The development of severe fibrosis and necroinflamatory changes in liver leads to cirrhosis and worsens prognosis by enhancing the risk of HCC. Chronic HCV varies greatly in its course and outcome. The presence of HCV RNA indicates that the patient has ongoing viral infection despite normal ALT levels [4] . Serologic assays detect HCV antibodies that indicate present or previous infection, but they cannot discriminate acute from chronic or resolved infection. Occasionally immunocompromised patients, patients undergoing hemodialysis and patients with mixed cryoglobulinemia have false negative serology results and may require HCV-RNA listing for diagnosis [5] . While needle biopsy is still the mainstay in diagnosing hepatic fibrosis, its days of dominance seem limited as laboratory technology and imaging studies improve.
The existence of extracellular mRNA in the circulation, i.e., plasma and other body fluids has been long known [6] . The extracellular mRNA is thought to be released into the circulation from intact and viable cells as well as necrotic cells [7] . The biological roles of circulating mRNA are still unclear, although its physiological significance has been investigated during the last several years.
The detection of circulating RNA offers certain advantages over the detection of circulating DNA [8] . First, if both plasma RNA and DNA were derived from the same cell population, the released RNA would likely be quantitatively more abundant than DNA. This is because multiple copies of an RNA transcript may be present in each cell, depending on the gene's expression, whereas each cell contains only a single diploid genome equivalent of DNA. Second, some cancer researchers reported that a greater proportion of cancer cases were positive for the investigated plasma RNA markers than DNA markers [9] .
The analysis of circulating nucleic acids in plasma offers an avenue for non invasive monitoring of a variety of physiological and pathological conditions [10, 11] . The plasma circulating mRNA in cancer patients [12] and pregnant women [13] has been detected and analyzed with respect to sensitivity and specificity. An increasing amount of evidence suggests that liberation of cell-free nucleic acids into plasma from organs or compartments is likely to be due to cell death [14, 15] .
The detection and monitoring of hepatic injury or dysfunction of patients infected with hepatitis B and C are increasingly becoming important. Currently plasma aminotransferases such as ALT and aspartate aminotransferase (AST) are conventionally used to assess hepatic injury, however, it is well known that they lack specificity and sensitivity, and their levels vary in different populations and at different time points in an individual [16] . Reliable and sensitive molecular markers have been awaited.
The analyses of cell free RNA species successfully detected in plasma have potential for use in disease assessment [13] . There is much evidence to suggest that circulating DNA and RNA are released upon cell death [15] . Indeed, reports of previous studies have described the detection of ALB mRNA in peripheral whole blood and the peripheral mononuclear cell fraction of humans [17, 18] . These studies have had a mixed level of success, however, with detection rates of blood ALB mRNA of >100% from patients with HCC [19] , cirrhosis, or hepatitis and from healthy controls. The correlation of plasma ALB mRNA concentration with hepatic injury in rats have been reported [20] , however, the studies in human is still lacking.
The aim of the current study is to measure the level of circulating plasma mRNA released from damaged hepatocytes by quantitative Real Time-PCR, and compare its sensitivity to that of serum ALT and other markers of liver injury in patients with chronic HCV and HCC.
Patient and methods

Patients
The study included 65 patients (41 males and 24 females, age range 31-56 years) attending the outpatient and inpatient clinic of the Hepatology Department-National Liver Institute-Menoufiya University and Internal Medicine Department of Al Zahraa University Hospital, Egypt, from May 2009 till September 2010.
Thirty one patients were with chronic HCV (CHC) (21 males and 10 females), were selected according to the following criteria: the presence of anti HCV antibodies, detection of serum HCV RNA, negative results for hepatitis B surface antigen and the histopathological features in liver biopsy samples. The remaining 34 patients were of HCC (20 males and 14 females), who were diagnosed according to clinical examination, radiological investigations including abdominal ultrasonography and triphasic CT abdomen. CTP score was also done, and laboratory investigations including AFP. The study was approved by the local ethical committee in university hospitals and informed consent was obtained from the patients.
Exclusion criteria: The patients with known previous history of haematological malignancies or any malignancy, autoimmune diseases or any genetic diseases as well as patients with chronic liver disease not HCV related were excluded.
In addition, 25 healthy subjects (16 males and 9 females, age range 27-55 years) were used as controls, they had normal values of serum alanine aminotransferase (ALT) and were seronegative for hepatitis B surface markers (HBs Ag,HBeAg and HBc-Ab) And HCV.
All patients were subjected to full history taking, thorough clinical examination and the following investigations: abdominal ultrasonogrphy, Laboratory investigations including hepatic transaminases (AST and ALT), albumin, total and direct bilirubin, and alkaline phosphatase.These tests were measured using Integra-400 (Roche-Germany). Prothrombin concentration was done by Fibrintimer (Dade Behring-Germany). Complete blood cell counts were measured by Sysmix K-21 automatic cell counter (Japan). Serum AFP was measured using automated Eleceyes (RocheDiagnostic, Branchburg, NJ-Germany). HCV and HBV antibodies were assayed by EIA (COBASAmplicore, Germany). HCV-RNA levels were analyzed by reverse transcriptase polymerase chain reaction (RT-PCR) using a commercial kit (Roche Diagnostic, Branchburg, NJ-Germany) according to the manufacturer's instructions.
Ultrasound guided liver biopsy was performed by true-cut needle or liver biopsy gun for all patients and histological grading and staging were performed using a modified Knodell scoring system by a pathologist blinded to the clinical data [21] .
Sample collection and RNA extraction
Blood samples were collected into EDTA vacutainer tubes and samples were kept at 4 °C and processed within 4 h. After gentle mixing of the whole-blood sample, 0.3 mL was mixed with 0.9 mL of TRIzol LS reagent (Invitrogen). Buffy coat was isolated after centrifugation at 230g for 5 min at 4 °C to remove any residual plasma and all samples were stored until nucleic acid extraction, as described [22] . Total RNA was isolated from the plasma supernatant using QIAamp MinElute Virus Vacuum kit (Qiagen, Valencia, CA, U.S.A.) and treated with DNase using TURBO-DNA-free kit (Ambion Inc., Austin, TX, U.S.A.) according to manufacturer's instructions. Aliquots of total RNA were reverse transcribed into cDNA with SuperScript IIITM First-Strand Synthesis System (Invitrogen Corp., Carlsbad, CA, U.S.A.).
Quantitative Real Time-PCR albumin mRNA (ALB mRNA)
PCR TaqMan probes for human albumin (NM_134326) and human beta-actin as internal control (NM_031144) were purchased from Applied Biosystems (Foster City, CA, U.S.A.), and the real-time quantitative RT-PCR was set up with Platinum Quantitative PCR SuperMix-UDG with ROX (Invitrogen Corp.) in a total volume of 20 μl. Calibration curves for absolute ALB mRNA quantification were prepared by amplifying serial dilutions of HPLC-purified synthetic DNA oligonucleotides specific for the targeted ALB amplicon [23] at concentrations of 3 copies to 3 x 10 6 copies per reaction well. The amplification of ALB mRNA was monitored with an ABI Prism 7900 Sequence Detection System (Applied Biosystems) and Sequence Detection Software version 2.2 (Applied Biosystems). Absolute concentrations of ALB mRNA in plasma were expressed as the number of copies / ml [24] .
Statistical analysis
Data are expressed as mean ± SD. The SPSS computer program version 12.0 was used for statistical analysis. Chi square (X² test) was used for qualitative data. Kruskal-Wallis test was done to compare three or more of non normally distributed variables and Tamhane test is a Post Hoc test done to variables of significant difference of more than two groups of not normally distributed data after Kruskal-Wallis test to detect the significant difference between either groups. Correlation coefficients (r) were calculated using the Pearson's correlation analysis. p value was significant at <0.05 level. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were determined.
Results
Results obtained are presented in tables 1-5 and figure (1). The study includes 34 patients had HCC (20 males and 14 females), age range 43-56 years with mean years of 50.1± 7.2, and 31 patients had HCV (21 males and 10 females), age range 31-53 years with mean years of 45.6± 8.1. Twenty five healthy subjects (16 males and 9 females), age range 27-52 years with mean years of 39.8± 6.9 Table ( 1) describes patient statistics of demographic data, the male gender, hepatomegaly, splenomegaly, jaundice, hematemesis and melena were not significantly different among both groups (p>0.05). While ascites was significantly increased in HCC cases.
The comparison between liver function tests in the studied groups revealed that a significant increase in ALT, AST, ALP, GGT and total bilirubin in patients with HCV and HCC compared controls. While, serum albumin, prothrombin concentration and platelets were significantly decreased ( Table 2) .
AFP serum levels were significantly increased in chronic HCV and HCC cases compared to control group, its levels in HCC patients was significantly higher than in chronic HCV patients. A significant increase in plasma ALB mRNA was detected in chronic HCV and HCC patients as compared to control subjects (p<0.01) for each, and its level was significantly higher in HCC cases than in cases of chronic HCV (Table 3) .
The data from all groups (HCV and HCC) showed that plasma ALB mRNA concentration correlated with ALT level (r= 0.65; P <0.01 & r= 0.59; P <0.05) for chronic HCV and HCC respectively. Also, it was correlated with viral load (r= 0.52; P <0.05 & r= 0.48; P <0.05) for chronic HCV and HCC respectively. While, ALB mRNA was not correlated with alkaline phosphatase (r= 0.133; P> 0.05), total bilirubin (r= 0.11; p>0.05) or AFP serum level (r= 0.19; P> 0.05) ( Table 4) .
At a cut-off >935 copies/ ml the ALB mRNA can discriminate patients with liver injury (overall 65 liver disease patients) from healthy subjects (N=25), with a sensitivity of 81.5%, and specificity of 96%. While, the serum levels of ALT was elevated (> 55 U/L) in only 21 patients out of 65 patients, with a sensitivity of (32.3%), and 3 cases had increased ALT among 25 healthy subjects with specificity of (92%) for diagnosing liver disease (Table 5) .
However, AFP was >20 ng/ml in 19 out of 34 with a sensitivity of 55.9% in diagnosis of HCC, 31 of them had increased ALB mRNA with a sensitivity of 91.2%.
Discussion
There is much excitement about the possibility of developing blood-based tools for disease diagnosis and management through the analysis of circulating nucleic acids [10, 25] .
Indeed, studies have reported the presence of circulating ALB mRNA, but with varying degrees of success [17, 26] . The liver being one of the largest organs of the body, suspect that RNA expressed by genes in the liver, such as ALB, should be detectable in the peripheral circulation because of cell death associated with typical cell turnover and/or with pathological damage [24] . Some researchers have suggested that ALB mRNA in blood originates from malignant or non malignant hepatocytes that have entered the peripheral circulation [27, 28] . For that, the present study was designed to evaluate the potential of circulating ALB mRNAs as biomarkers of liver injury in chronic HCV and HCC in spite of normal ALT or AFP. The Real Time-PCR was used to quantify ALB mRNA in plasma of chronic HCV and HCC patients.
The current study revealed that, A significant increase in ALB mRNA in plasma of chronic HCV and HCC patients more than controls, its level was significantly higher in HCC cases than in cases of chronic HCV. Our finding is in agreement of [24] who demonstrated that, patients with HCC, cirrhosis, and active CHB (but not those with inactive hepatitis B carrier) had significantly higher plasma ALB mRNA concentrations than controls, and the ALB mRNA detected in plasma is liver specific. These data suggest that ALB mRNA may be released into the plasma upon cell death, and therefore the concentration may correlate with the degree of cell death.
A recent study used quantitative RT-PCR to investigate the role of plasma ALB mRNA detection for predicting HCC recurrence in liver transplant recipients and reported a detection rate of 82% [26] . The authors of the report believed that the absence of detectable ALB mRNA in the plasma of the study participants indicated a lack of HCC cells in the circulation.
Plasma albumin mRNA quantification predicts post-transplant HCC recurrence. It may supplement the current selection criteria of HCC patients for liver transplantation [29] .
Serum aminotransferases have been the clinical standard for evaluating liver injury for the past 50-60 years. These tissue enzymes lack specificity, also tracking injury to other tissues. New technologies assessing tissue-specific messenger RNA (mRNA) release into blood should provide greater specificity and permit indirect assessment of gene expression status of injured tissue (30) .
At a cut-off >935 copies/ml the ALB mRNA can discriminate liver patients from healthy subjects, with a sensitivity of 81.5%, and specificity of 96%. While, the serum levels of ALT was elevated in 21 cases in overall 65 patients, with a sensitivity of 32.3%, and 3 cases had increased ALT among 25 healthy subjects with specificity of 92% for diagnosing liver disease. However, AFP was >20 ng/ml in 19 out of 34 with a sensitivity of 55.9% in diagnosis of HCC, 31 of them had increased ALB mRNA with a sensitivity of 91.2%.
A recent study by Chan et al. (2009) showed that, ROC curve analysis demonstrated plasma ALB mRNA measurement to be an attractive means for detecting the presence of liver pathology (91.9% of patients). In particular, for the HCC group, AFP was increased in only 48.6% of the cases, whereas the majority (91.4%) of these patients showed increased ALB mRNA concentrations.
The comparative analysis of circulating liver mRNAs with traditional serum transaminases and histopathology indicated that the circulating liver mRNAs were more specific and more sensitive biomarkers of liver injury [30] . In case that any mRNA is detected either earlier or with higher sensitivity than plasma aminotransferases, it may serve as a non-invasive liver fibrosis marker, which will greatly impact on diagnosis and monitoring of liver fibrosis and cirrhosis patients [31] .
The plasma circulating albumin mRNA may serve as a molecular marker for hepatic injury using the acute and chronic rat liver fibrosis models [20] . The measurement of plasma circulating albumin mRNA enabled sensitive and early detection of hepatic injury with a large assay window compared with that of plasma ALT activity.
The plasma levels of conventional markers for hepatotoxicity, ALT and AST, can rise as a result of extra hepatic damage, for instance, skeletal muscle damage [32] , making the evaluation of ALT and AST changes problematic. On the other hand, in experimental study, it was confirmed that albumin mRNA was not detectable in peripheral blood from rats with skeletal muscle damage [33] .. However, if liverspecific mRNAs in peripheral blood were evaluated concurrently, it would be possible to exclude liver damage.
The circulating cell-free mRNA can be protected from degradation by being contained in particles such as apoptotic bodies [34] . Additionally, several findings have indicated that extracellular RNA might be protected from serum RNases by proteins or proteolipid complexes [35, 36] .
The cell-free organ/tissue-specific mRNAs in the peripheral blood have several characteristics that satisfy the requirements for good biomarkers. First, mRNAs are accessible and non invasive because they can be easily obtained from peripheral blood. Second, the assay methods theoretically can be established with ease and in a short time if the nucleotide sequence of the target mRNA is already known. Third, if the mRNA is expressed similarly between rodent and human and if it shows similar organ/tissue specificity, the assay methods could be readily applied to both species. These characteristics are beneficial in transferring the technology from non clinical studies to clinical trials [33] .
Considering the data from all of the study patient groups (CHC and HCC) showed that plasma ALB mRNA concentration correlated with ALT level and viral load, but it was not correlated with AFP serum level, suggesting its elevation accompanied HCC cases in spite of normal AFP levels. These findings are in accordance with Chan et al. (2009) [24] , who reported that plasma ALB mRNA concentration showed some correlation with serum ALT activity. Plasma ALB mRNA was also increased in patients who had liver disease but non pathologic ALT values. These observations suggest that plasma ALB mRNA may be a diagnostically sensitive marker for detecting early stage chronic liver disease, when the ALT activity or concentration is often within the reference interval.
Conclusion
In summary, we conclude that, the measurement of plasma circulating albumin mRNA enabled sensitive and early detection of non-invasive diagnostic marker for hepatic injury in liver fibrosis and HCC compared with that of plasma ALT activity and serum AFP levels. Further studies are required, however, to investigate the clinical utility of this marker for assessing or managing such diseases. However, larger sample sets including long-term clinical data are urgently required for future studies.
